AbStrACt. Many factors have contributed to reductions in wild populations of stingless bees, such as: deforestation, displacement and destruction of nests by honey gatherers, as well as use of insecticides and other agrochemicals. All of these can potentially affect the populational structure of native species. We analyzed genetic variability and populational structure of Melipona scutellaris, based on five microsatellite loci, using heterologous primers of M. bicolor. Samples were taken from 43 meliponaries distributed among 30 sites of four northeastern States of Brazil (Pernambuco, Alagoas, Sergipe, and Bahia). Thirty-one alleles were found to be well distributed among the populations, with sizes ranging from 85 to 146 bp. In general, there was a variable distribution and frequency of alleles among populations, with either exclusive and/or fixed alleles at some sites. The population of Pernambuco was the most polymorphic, followed by Bahia, Alagoas and Sergipe. The heterozygosity was Ho = 0.36 on average, much lower than what has been reported for M. bicolor (Ho = 0.65). Most populations were not under Hardy-Weinberg equilibrium. We found a higher variation within rather than among populations, indicating no genetic structuring in those bees maintained in meliponaries. This apparent homogenization may be due to intense beekeeping activity, including exchange of genetic material among beekeepers. Based on our findings, we recommend more studies of meliponaries and of wild populations in order to help orient management and conservation of these native pollinators.
AbStrACt. Many factors have contributed to reductions in wild populations of stingless bees, such as: deforestation, displacement and destruction of nests by honey gatherers, as well as use of insecticides and other agrochemicals. All of these can potentially affect the populational structure of native species. We analyzed genetic variability and populational structure of Melipona scutellaris, based on five microsatellite loci, using heterologous primers of M. bicolor. Samples were taken from 43 meliponaries distributed among 30 sites of four northeastern States of Brazil (Pernambuco, Alagoas, Sergipe, and Bahia). Thirty-one alleles were found to be well distributed among the populations, with sizes ranging from 85 to 146 bp. In general, there was a variable distribution and frequency of alleles among populations, with either exclusive and/or fixed alleles at some sites.
INtroDuCtIoN
One of the first studies showing the importance of genetic diversity in natural populations of invertebrates was made by Saccheri et al. (1998) . They observed imminent risk of extinction, especially among wild butterflies that have low levels of heterozygosity, such as Melitaea cinxia.
Studies of natural populations of invertebrates are needed to examine how isolation and population size affect genetic diversity. Moyle et al. (2003) pointed out invertebrates as a group needing more studies of population dynamics, both genetical and demographic, suggesting priorities for basic research on this topic.
The scientific community has sought to alert authorities and the public about endangered species. Hymenopteran populations, especially pollinators, can also diminish due to a loss of sexual alleles . Loss of such bees negatively impact on cross-pollinated plants dependent on such pollinators for seed production (Zayed, 2004; Zayed and Packer, 2005; Hedrick et al., 2006) .
Among the native pollinators, the stingless bees (Apidae, Meliponini; Roig-Alsina and Michener, 1993) are considered to be the principal pollinators of Brazilian plants (Kerr et al., 2001; Imperatriz-Fonseca et al., 2006) . Many factors have contributed to reducing their populations, including: habitat loss, destruction of nests by honey hunters, spraying of insecticides and other agrochemicals. When populations are reduced due to such activities, a subsequent lack of allele variability at the sexual locus (complementary sex determiner gene -csd) results in diploid male production (Beye et al., 2003) . Diploid males are killed soon after they emerge, as well as the queen that produced the eggs; after several generations, a local population may be lost (Kerr and Vencovsky, 1982; Carvalho et al., 1995; Kerr, 1996) . The small number of wild stingless bee nests that still remain in forest fragments probably are under permanent pressure, exacerbated by the low sexual allele diversity (Kerr, 1997; Carvalho, 2001) .
DNA analysis has become an important tool to understand the underlying mechanisms in bee population dynamics (Hoy, 1994) . Although the csd gene has been isolated and in process of characterization to both Apis (Hasselmann and Beye, 2006) and Melipona genus (Nunes-Silva et al., 2006 ) so far there is no developed marker to monitor the genetic variability in bees for this locus. However among the diverse genetic markers available, microsatellites (single sequence repeats) have been indicated as the most informative to estimate populational parameters (Gao et al., 2002) . The use of microsatellite markers in bees initiated with Estoup et al. (1993 Estoup et al. ( , 1995a developing several microsatellite primers for honeybee (Apis mellifera) and bumblebee (Bombus terrestris). In these works, dinucleotide microsatellites (CT) n were considered to be the most common within the bee group, differently from dipterans in which the dinucleotide (GT) n is more abundant as a microsatellite motif (Estoup et al., 1993; Bonizzoni et al., 2000) .
The first 25 microsatellite specific primers for the genus Melipona were designed by Peters et al. (1998) for M. bicolor. Among these, 18 loci were found to be polymorphic for this species. Several of these markers could be useful in other stingless bee species Francisco et al., 2006) .
Conservation, management and recovery of degraded populations of stingless bees require an approach that involves not only demographic and ecological factors, but also population genetics. Characterization of genetic structure and effective size population can be used to the effects of anthropic intervention (Kageyama, 1987; Nason and Hamrick, 1997) .
Such genetic information is indispensable to increase the knowledge we need in order to successfully manage stingless bee colonies for honey production and pollination. Stingless bee beekeeping (meliponiculture) has great potential for supplementing family income in various regions of Brazil. Drumond (2004) considers meliponiculture a good alternative for sustainable activity in rural areas. Honey from these bees is widely appreciated as a source of food and medicine; frequently it provides complementary income for families in the Brazilian Northeast, where some beekeepers have up to 1500 stingless bee hives. In this region, the main species for beekeeping is Melipona scutellaris, considered one of the first bee species to be domesticated in the Americas (Kerr, 1996) . We analyzed the genetic variability of M. scutellaris populations from four States of Brazil's northeast region, using microsatellite markers, in order to examine genetic structure.
MAtErIAl AND MEthoDS
Adult individuals (workers) from Melipona scutellaris colonies were sampled from 43 meliponaries from 30 different sites (Figure 1 ) in four Brazilian northeastern States: nine in Pernambuco (N = 14), five in Alagoas (N = 8), five in Sergipe (N = 7), and 11 in Bahia (N = 14). Bees were collected and conserved in absolute ethanol at -20°C. DNA was extracted following the protocol used by Paxton et al. (1996) , using the salt-proteinase K extraction method. Five loci (Mbi 11, 13, 28, 88, and 213) were amplified using heterospecific primers developed for M. bicolor (Peters et al., 1998) in 20 μL polymerase chain reaction mix, containing 1X reaction buffer (Pharmacia), 1 unit Taq DNA polymerase (Pharmacia), 2.5 pmol of each primer marked with Cy5 fluorescence (Macromolecular Resources), 250 μM dNTPs, 2 mM MgCl 2 and 50 ng DNA template. Amplifications were made using an MJ PTC thermal controller: 94°C for 3 min, 94°C for 35 s, 53° to 57°C for 35 s, 72°C for 1 min (35 cycles) and a final amplification at 70°C for 10 min. The amplified products were separated on 6% polyacrylamide gels (7.5 M urea -PAGE -Reprogel Pharmacia) in an ALF Express II sequencer (Amersham/Pharmacia/Biotech) at 1500 V, 25 mA, 40°C, 60 W for 200 min. Internal markers of 200 and 250 bp, as well as 50 to 500 bp external markers (Pharmacia) were used. Analyses were made with the AlleleLinks software version 1.00 (Pharmacia).
Statistical analyses were made with Arlequin (Schneider et al., 2000) to determine genetic variability, including Ho, He, and Hardy-Weinberg equilibrium. Population genetic structure was measured by calculating F ST and F IS . This index, associated with the number of migrants per generation (Slatkin, 1995) , was used to quantify the genetic flow among populations. The genetic diversity index within populations (Nei, 1972 ) provided a ratio of the variation in the number of different alleles among and within populations.
rESultS AND DISCuSSIoN
Within the five amplified loci, we found 31 alleles, ranging from 85 to 146 bp in size, well distributed among populations. In general, M. scutellaris had distinct distribution patterns and variable allelic frequencies among populations, with both exclusive and/ or fixed alleles depending on the collection site. The locus Mbi 28 (eight alleles) was the most polymorphic for this species, with the highest mean heterozygosity (Ho = 0.91; Table 1 ). Only the Mbi 11 locus was found to be under Hardy-Weinberg equilibrium (P < 0.05). The mean heterozysity observed for the five loci (Ho = 0.36) was lower than expected (He = 0.56), which indicated that most of these loci are not at Hardy-Weinberg equilibrium (P < 0.05). This could be a consequence of small genetic populations, due to inbreeding caused by induced multiplication of colonies and selection for commercial characteristic values by stingless bee beekeepers, such as honey yields.
The mean heterozygosity observed for M. scutellaris was much lower than reported for M. bicolor (Peters et al., 1998) . Possible explanations include: 1) heterospecific primers, 2) null alleles, and 3) M. bicolor can have up to five active physogastric queens in a colony. This would provide more genetic variability within the colony, as at least five different males contribute to alleles, if we consider a queen crossing with only one male (Velthuis et al., 2006) .
When we compare the results with Apis data, our index is lower. Estoup et al. (1993) found Ho = 0.69 in Apis mellifera, De la Rúa et al. (2004) observed an average Ho of 0.45 for Apis mellifera iberica in Spain. Insuan et al. (2007) found an index of Ho = 0.71 in Apis dorsata in Thailand. It is known that Apis queens can be fertilized by 15 to 17 males (Adams et al., 1977; Lobo and Kerr, 1993) . This helps increase the number of microsatellite alleles (of paternal origin) among workers. Carvalho (2001) , based on progeny analysis, reported that 5% of M. scutellaris queens mated with at least two males and 65% with only one, which could explain the low Ho index for this species.
If we compare M. scutellaris with other two species of Melipona in the Amazon region, the former also has a lower Ho index than M. compressipes but similar to M. seminigra (data not shown). The higher Ho of M. compressipes is probably due to the sampling of wild populations, compared to samples of M. scutellaris and M. seminigra, which were collected from meliponaries.
The variation was higher within (95.48%) than among (4.52%) populations of M. scutellaris. Analysis with the F ST test revealed no significant genetic structuring among populations of Pernambuco, Alagoas and Sergipe (P > 0.05). Significant values of genetic structuring were found among populations of Pernambuco and Bahia, though with a very low index (F ST = 0.08). A high inbreeding coefficient was found among these populations (F IS = 0.32, P = 0.00), demonstrating an excess of homozygote individuals. This could be explained by the high number of migrants per generation among the states, which varies from 5.7 (between Pernambuco and Bahia) to 21.8 (between Alagoas and Sergipe), reaching an infinite number of effective migrants between Pernambuco and Alagoas. Wright (1969) says that the effect of populational differentiation can be minimized by one single migrant per generation. However, in these populations migration may not be natural since the populations are distant from each other. Melipona scutellaris, denominated regionally as Uruçu (indigenous name for big bee), is native to Atlantic forests, which years before used to cover huge areas on the Brazil coast. Nowadays only 7% remains of the original forest area, mainly in the Southeast and South regions of the country (Webventure, 2004) . Observing the sampling sites and forest fragment distribution in the Northeast region, it is clear that there is a lack of continuous forest corridors among them, blocking gene flow among these populations. Some beekeepers have reported bee material exchange such as colonies, brood combs and queens among meliponaries in the same state but not so frequently among states. We believe that the genetic homogenization that we found among populations of M. scutellaris is artificial. The artificial "transit" of bee material has driven the populations to lower genetic variability. De la Rúa et al. (2004) found a similar for Apis mellifera iberica. They analyzed 48 colonies (1 individual/colonies) from 24 apiaries, and found high genetic diversity under no Hardy-Weinberg equilibrium at six single sequence repeat loci, indicating great genetic affinity among hives, especially since they ranged from Western Andalusian to North African populations. These authors attributed these findings to intense beekeeping activity. In contrast in A. dorsata (Insuan et al., 2007) and in A. cerana (Sihanuntavong et al., 1999) high genetic differentiation was found among populations, probably because of the short-range migration behavior in these bees. In Bombus ignitius, the migration distance is indicated by Shao et al. (2004) to be the main factor that drives genetic variation within and among populations. In B. ignitius, variation within populations is much higher than inter-population variation because of the capability of long distance migrations. Working with stingless bees, Brito (2005, apud suggests that in Partamona helleri and in P. mulata the low genetic variability and the moderate populational structuring may be due to one or more of three facts: 1) male migration among populations; 2) recent isolation resulting from rapid fragmentation of the savannas (Cerrado) and the Atlantic forest in Southern Brazil; 3) null alleles caused by the use of heterospecific primers. Each population of M. scutellaris analyzed separately showed Pernambuco bees to be the most polymorphic, with Ho = 0.44 (molecular diversity index of 0.43 ± 0.29), followed by the Bahia population, with Ho = 0.36 (molecular diversity index of 0.52 ± 0.36). Samples from Alagoas and Sergipe gave the lowest numbers of heterozygotes, with Ho = 0.32 (F IS = 0.42) and Ho = 0.31 (F IS = 0.48), respectively, indicating a high degree of heterozygote deficiency. However, these two sites presented the highest indexes of molecular diversity (0.46 ± 0.31 for Alagoas and 0.50 ± 0.33 for Sergipe) showing that though there were few heterozygotes, these populations contain higher allele diversity within the loci. Such results may be due to the intense beekeeping activity in Pernambuco and Bahia compared to Alagoas and Sergipe. Summarizing, the management techniques and colony selections (e.g., selection of hives for higher honey yields) seem to be collaborating to increase some allele frequencies and diminishing others within populations. However, there is a need for more studies to monitor populations under beekeeping compared to wild populations in order to help orient management and conservation programs of these native pollinators.
